In recent years a number of publications have appeared describing the ability of fusaria to hydroxylate steroidal substrates. Kliger, Siebert, and Schubert (1957) reported on the 15a-hydroxylation of progesterone by Fusarium lycopersici, F. solani, and F. culmorum. Gubler and Tamm (1958) demonstrated the same type of hydroxylation with F. lini using A4-androstene-3,17-dione, testosterone, progesterone, or deoxycorticosterone as a substrate. Deoxycorticosterone was also converted to a dihydroxylated derivative (6,B and 15a). More recently, Mannhardt and Metz (1960) described the lla-hydroxylation of a number of steroids with species of Fusarium belonging to the section discolor, gibbosum, and elegans-oxysporum of the system of classification proposed by Wollenweber and Reinking (1935) . Capek and Hanc (1960) Microbiology, M6xico, D.F., M6xico, 19-24 October 1964. on the basis of their steroid-transforming abilities: (i) strains which degrade the side chain and subsequently dehydrogenate at C-1 in steroids of the pregnane series, and (ii) strains able to hydroxylate A4-androstene-3,17-dione at positions 6(3 and 15a. The second type of reaction was found with most of the strains. Shirasaka and Tsuruta (1961) reported on the ability of F. lycopersici to effect 15a-hydroxylation of progesterone or 6(3-hydroxylation of 17a-hydroxyprogesterone, deoxycorticosterone, corticosterone, and Reichstein's Compound S. Some species of fusaria having a perithecial stage have been also found to hydroxylate steroids at positions 15a or 6A. Gibberella baccata was able to effect 15a-hydroxylation of deoxycorticosterone (Meystre, Vischer, and Wettstein, 1955) , and G. saubinetti effected 15a-hydroxylation of progesterone and 6,B-hydroxylation of Reichstein's Compound S (Shirasaka and Tsuruta, 1961) . All (Stimmel, Bucknell, and Notchev, 1960; Kita, Sardinas, and Shull, 1961; Laskin et al., 1964) .
In a study designed to find out appropriate microorganisms to hydroxylate estrogenic steroids, a l)articularly active fungal strain was isolated from soil and characterized as F. moniliforme. The present report describes some microbiological aspects of the enzymatic hydroxylations. The elucidation of the structure of the conversion products is presented elsewhere (Crabb6 and CasasCampillo, 1964 Identification of strain IH4. The taxonomic study of strain IH4 was carried out by following the taxonomic keys of Wollenweber and Reinking (1935) and Snyder and Hansen (1945) . For this purpose, single-spore cultures were obtained from the original isolate by conventional methods (Gordon, 1956) . Original isolate and monospore cultures were maintained by serial transfers on Czapek agar (Difco) or in sterile soil.
Separation of spores from mycelia. In submerged cultures, F. moniliforme 1H4 gave a dispersed growth which consisted of a mixture of mycelia and spores (microconidial type). From these cultures, microconidia were separated after filtration through sterile glass wool. Mycelia were retained, and the spores were recovered from the filtrate. For preparative purposes the following procedure was used. The surface growth of the fungus obtained on Czapek agar slants after 5 to 7 days of incubation at 25 C was suspended in 5 ml of sterile water. Of this suspension, 2-ml portions were used to inoculate 200 ml of Czapek broth supplemented with 0.05% yeast extract (Difco) dispensed in 1-liter Erlenmeyer flasks. After 18 to 24 hr of growth under submerged conditions at a temperature of 25 C, the culture was used to inoculate 9 liters of the same medium contained in a 14-liter jar fermentor (model F-14; New Brunswick Scientific Co., New Brunswick, N.J.).
Along with the inoculum, 1 g of the steroidal substrate dissolved in 25 ml of dioxane was added. The incubation period was extended for 24 to 48 hr under the same experimental conditions, and the course of the transformation was traced by thinlayer chromatography. After completion of the reaction, whole culture was extracted with a mixture of methylene dichloride-ethyl acetate (1:1), and the extract was dried over anhydrous sodium sulfate and concentrated. Finally, each extract was analyzed by use of columns of silicaCelite or Florisil against a gradient of concentrations of methylene dichloride-methanol or benzene-chloroform. In a few experiments, fermentations were carried out in replacement cultures (Foster, 1949 in chlamydospores, and no sclerotia or sexual stage were found. On the basis of this information the fungus was identified as belonging to the section liseola, and its characters agreed with the description given for F. moniliforme Sheld emend. Snyder and Hansen (Snyder and Hansen, 1945) .
Hydroxylation of estrogens. In a number of preliminary experiments with shaken flasks, F. moniliforme IH4 converted estrone, estradiol, or estradiol 3-methyl ether into a predominant product demonstrable by thin-layer or paper chromatographic procedures (Fig. 1) showed that the conversion products derived from estrone or estradiol were hydroxylated at position 15a. The transformation product of estradiol 3-methyl ether was characterized as the 6,8-hydroxy derivative. When A6-estrone was incubated, no conversion products were accumulated. Highest yields, based on crystalline products obtained in preparative batches from their respective substrates, were: 15a-hydroxyestrone (30 to 40%) 15a-hydroxyestradiol (20 to 25%), and 3-methy' ether 6(3-estriol (15 to 20%).
Biochemical specificity and variability. A more detailed study was made of the factors involved in the 15a-hydroxylation of estrone by F. moniliforme. Remarkable strain specificity of the enzymatic reaction was clearly demonstrated, as deduced from the results summarized in Table 1 . From 13 strains of F. moniliforme andG. fujikuroi, only strains IH4 and 9851 were able to accumulate significant amounts of the 15a-hydroxylated product. The remaining strains were practically inefficient under the conditions utilized. The analytical data concerning total steroid recovery indicated that the inability of some of the strains to accumulate 15a-hydroxyestrone is related to an extensive dissapearance of the steroid substrate. This was the case with G. fujikuroi var. subglutinans CBS, G. fujikuroi 917, and F. moniliforme var. minus CBS. On the other hand, the behavior shown by G. fujikuroi 12763 and 1139 indicated limitation in the permeation mechanisms, or in the biosynthesis or activity of the hydroxylating systems. F. moniliforme IH4 and 9851 were the most efficient strains in the accumulation of 15a-hydroxyestrone ( (Leonian, 1932; Buxton, 1954 Buxton, , 1959 Venkata Ram, 1955 (Table 4) indicate that significant accumulation of the hydroxylated product occurred in both synthetic and complex media. Czapek broth, alone or supplemented with yeast extract, gave the highest yield. Essentially the same results were obtained when peptonecorn molasses was utilized. Under these nutritional conditions the hydroxylation process followed the course shown in Fig. 3 (1 % K2HPO4 or Na2HPO4), a marked accumulation of the 15a-hydroxylated product was found. An addition of sugars to the system did not improve the phosphate effect. These results were substantiated in further experiments in which washed cultures were treated with phosphate solutions of different concentrations. As seen in Fig. 4 , a definite response in the accumulation of 15a-hydroxyestrone as a function of phosphate concentration was demonstrated. This indicated that externally supplied phosphate is a critical factor in the hydroxylation by replaced cultures of F. moniliforme IH4. Under these 'conditions, exogenous sugar or nitrogen sources were not essential for the hydroxylating activity. The energy-yielding material and nitrogenous compounds required for the synthesis or activities of the enzymatic systems are derived from the endogenous reserves. The phosphate supply may be the limiting factor in the synthesis of richenergy bonds, or may participate in the permeation of the steroid. Research is in progress to elucidate these points.
Hydroxylation by mycelia or spores. In submerged growth, F. moniliformie IH4 appeared as a Capek and Hanc' (1960) concluded that two definite groups could be established. The first one contained a small number of strains which were able to degrade the side chain of progesterone with subsequent 1-dehydrogenation. The second group included a large number of strains having the ability to perform simultaneous hydroxylations of zA4-androstene-3,17-dione in the 15a and 6,B positions. Among these microorganisms were strains and varieties of F. moniliforme. The latter pattern of transformation was considered by Napek and Hanc' to be a generic characteristic of fusaria. The results of the present investigation demonstrated that F. moniliforme IH4 also showed the ability to hydroxylate estrane derivatives at C-6 or C-15, the position and stereoisomerism depending on the molecular structure of the steroid. However, when the microorganism was incubated with A4-androstene-3,17-dione, no hydroxylated products were accumulated, but extensive dissapearance of the steroid substrate was demonstrated instead. Furthermore, the fungus did not show enzymatic abilities to carry out degradation of the side chain of pregnane steroids or to dehydrogenate at C-1. These results indicate a peculiar biochemical behavior of the strain under investigation which did not fit the assignment to the above groups of fusaria. F. moniliforme IH4 was able to hydroxylate at C-15 steroids of the estrane series in a manner similar to that described for other fusaria acting on steroids of the pregnane or androstane series (Kluger et al., 1957; Gubler and Tamm, 1958; iapek and Hanc, 1960) . No simultaneous monohydroxylations at C-15 and C-6 were found with strain IH4, although it is to be noted that by extending the transformation period of estrone to more than 72 hr the formation of negligible amounts of an unidentified more polar product was noticed, without any decrease in the predominant product. A more detailed account of the substrate specificity in the hydroxylation of steroids by F. moniliforme IH4 has been presented (Casas-Campillo and Bautista, 1964) .
